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Abstract
In the wheat crops of central Transylvania a rich complex of phytophagous insects species is reported. Species 
of thrips, aphids, leafhoppers, flies, cereal leaf beetle and cereal bugs, affects the level of production and quality 
indicators of wheat grains. In the period of 2015-2016, various integrated pest control models have been applied, 
watching their effect on the production and quality indicators of wheat, based on applied insecticide treatments, 
in the experimental lots at ARDS Turda. The results on the quantified production parameters showed oscillations 
over previous multiannual values, due to the special climatic conditions of 2015 and 2016, to the density of 
entomophagous and phytophagous insect populations, influenced by the applied treatment system. It is noted 
that in the years 2015-2016, characterized as exceptional years, with unfavorable thermal and pluviometric 
conditions, with much higher values than the multiannual average, the gluten and protein content, zeleny index 
have lower values than in the previous years, at ARDS Turda. The specific annual climate characteristics have a 
major influence on the production and quality of wheat. Also, pest control strategies have a major impact on the 
production parameters and qualitative indicators of wheat.
Keywors: wheat pests, pest control treatments, grain production and quality
INTRODUCTION
Wheat is one of the oldest cultivated plants 
and the most important food plant. Wheat flour 
bread is a basic food for the world’s population, 
representing food for 35-40% of the world’s 
population (Szekely et al., 2010). Wheat is of 
great importance as a food, providing much of 
the carbohydrates and proteins needed to man 
and more than half of the calories consumed by 
mankind. The forms under which wheat is used in 
human food are very diverse, the most widespread 
being bread, followed by pasta and pastry (Szekely 
et al., 2010). 
In Romania, wheat occupies the second place 
as a cultivated area, with 2.1 million hectares 
and  an average production  of   3.9  tonnes/ha 
(FAO, 2016). The value of a wheat variety is 
given by its high production capacity associated 
with an optimal quality, healthy grain and a high 
thousand grains weight  (TGW) (Kadar, 2002; Kadar et al., 2002; Suciu et al., 2013, 2014, 2015). 
But a very important element is the stability of 
grain production, especially in the conditions of unfavorable climatic factors of drought and abundant rainfall (Racz et al., 2013, 2014).
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In wheat crops of central Transylvania a 
complex of phytophagous insects species has been 
reported (Malschi, 2009, 2014). The attack of these 
species and the control treatments applied have 
repercussions on the potential of pest attack, on 
the quantity and quality of grain production. The 
species of thrips, aphids, leafhoppers, flies, cereal leaf beetle and cereal sun bugs affect the level of 
production and quality indices of wheat grains 
(Dărab et al., 2017; Malschi et al., 2017). Also, in 
the non-plowed conservative farming system, 
practiced to minimize the effects of drought and 
climatic warming, there is an increased abundance 
of pests (Malschi et al., 2013, 2017, 2018).
In order to prevent the attack and to combat 
the complex of wheat pests, treatments applied 
to vegetation have necessarily been imposed, 
especially in last years, when there have been 
significant risk situations and production losses, 
depending on unfavorable climatic conditions, or 
of farm systems with incomplete or incorrect crop 
technologies (Malschi Dana, 2009, 2014, Malschi 
et al., 2015, 2016).
Wheat production and quality indices are 
influenced by technological factors, variety, meteorological conditions and interactions 
between them (Racz et al., 2013). The percentage 
of wet gluten from wheat flour is one of the most 
important economic indicators contributing to 
the final price of wheat. The gluten content is a 
quality indicator of flour, having an important role 
in the quality of bakery or pastry, glutenic proteins 
being the most important protein fraction for 
dough (Kadar, 2002; Kadar et al., 2002; Vizitiu, 
2012). Gliadines contribute to dough viscosity and 
gluteline contributes to their elasticity (Khatkar et 
al., 1995). There are genetic differences between 
varieties in terms of protein content (Ceclan et al., 
2016).  Studying 12613 genotypes in the world 
wheat collection, was obtained a protein content 
variation of between 6.9 and 22%, with a mean of 
12.9%, protein quality depending on the essential aminoacid balance (Vogel et al., 1973).
In the years 2006 and 2008,  the variability 
of the 1041 winter wheat genotypes in the ARDS-
Turda collection shows 9.5 - 13.5% of the protein 
content (Racz et al., 2013) and at wet gluten is 
between 15.4 and 38.2% (Szekely et al., 2010). 
Under different phytosanitary conditions in the 
Transylvania variety, protein content and wet 
gluten, reached values  of 9.45-10.5% for proteins 
and 19.4-21.5% for gluten (Malschi et al., 2013); 
in the Arieşan variety were found values  of 9,3-
11,7% protein and 25,5-30,7% gluten (Nagy et al, 
2009); and mean values  of 12% for protein and 
35-40% for gluten (Suciu et al., 2013, 2014, 2015). 
The Zeleny Sedimentation Index was evaluated 
in the previous years at a mean of 45 ml, ranging from 27-66 ml (Moldovan et al., 2012).
By studying 450 common wheat genotypes, Singh et al., 2009 achieved the variation limits 
for TGWs ranging from 30.2 to 60 g. At ARDS-
Turda the variation limits for TGW were 21.93 g 
minimum and 68.76 g maximum, with a mean of 
39.27 g (Szekely et al., 2010). TGW (a thousand 
grains weight) is a very important quality 
production item, because it depends on the size of 
the embryo and the amount of reserve substances 
to ensure good germination and emergence. TGW 
is closely related to the production because large 
grain varieties can have a much higher production 
capacity than small grain varieties. 
Of the other significant positive correlations, 
the relationship between the date of ear emergece 
and the protein and gluten content was noted. This 
was explained by the fact that late winter wheat 
varieties accumulate more dry matter than spring 
varieties and therefore are characterized by a high 
content of protein substances (Szekely, 2010). 
In the evolution of wheat crop yield there is 
a change in the composition of the grains, there 
is an increase in the grains production linked to a 
decrease of proteins and gluten content. (Marinciu 
and Săulescu, 2008). Grain production as well 
as qualitative indicators of wheat can be greatly 
influenced by temperature and water stress during 
the spring, that leads to a lower grains production 
but higher protein content (Tayyar, 2010). 
The objectives of this study are focused on 
the followings: the research on the importance 
of main pests of wheat at ARDS Turda, during 
2015-2016; the integrated pest control system 
recommended in the area, including current 
technology and various applied insecticides; the 
effects of insecticide treatments on production 
and wheat quality indices. The study carried out 
during the years 2015-2016, continues the long-term research conducted at ARDS Turda over the 
last 40 years (Malschi, 2009, 2014, Malschi et al., 
2017).
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MATERIAL AND METHODS
During 2015-2016, the research conducted at 
SCDA Turda in wheat crops, in the Andrada variety, 
was carried out in large experimental plots of 0.5 
ha, applying the technological and phytosanitary 
complex system, which include seed treatment 
with insecto-fungicides, fertilization, weed and 
disease control.The studied factors included the insecticide 
treatments and two optimum moments of 
insecticides application: the moment T1 (at the 
end of tillering phenophase or at the time of 
herbicides application) and the moment T2 (from 
the bellow phenophase to the ear appearance). 
The following four experimental variants 
were placed: V1 = untreated with insecticides 
on vegetation (Control); V2 = treated only at T1 
moment with the pyrethroid Fastac: 0.1 l/ha; V3 = 
treated at two optimum moments: T1 and T2 with 
Fastac: 0.1 l/ha; V4 = treated with insecticides 
applied in: T1 with the Biscaya neonicotinoid: 0.2 
l/ha and T2 with Fastac: 0.1 l/ha. 
The analysis carried out included: the 
analysis of variance, using Polifact Programme, for production data: Grain yield (t/ha), TGW 
(g), and for the indices on the quality of bakery 
data: Gluten content (%), Protein content (%), 
Sedimentation index Zeleny (ml); the share of 
experimental factors (%) on the values of grain 
yield, TGW, indices of the quality of bakery, using data of the Sum of squares of Deviations (SSD) 
from the variance analysis table and the calculation 
formula: The Factors contribution (%) = SSD 
factor/SSD total) x 100 (Kadar, 2002; Kadar et al., 
2002; Russu, 2015; Timariu, 1975); the analysis 
of indices on the quality of bakery: Gluten content 
(%), Protein content (%), the Sedimentation index 
Zeleny (ml), using  Infragrain 9500 apparatus.
RESULTS AND DISCUSSIONS
In the observation lots the optimal zonal 
culture technology was applied, respectively 
the complex phytosanitary treatments (seed 
treatment with insecto-fungicides, vegetation 
spraying with herbicides, foliar fertilizers, 
fungicides) were applied and various variants of 
insecticide treatments at two specific moments have carried out: at the end of tillering phenophase 
or at the time of herbicides application, and at the moment of the bellow phenophase to the ear 
appearance. They were followed: the evolution of 
climatic conditions in relation to the abundance 
and structure of harmful insects, the effect of 
insecticide treatments applied in the integrated 
phytosanitary system on the production of grains 
and TGW (thousand grains weight), on the quality 
indices in 2015 and 2016 at ARDS Turda. 
The climatic conditions are very important 
in the development of entomofauna and 
phenological evolution of plants. Quantification 
of production parameters revealed oscillations 
over the multiannual values  of previous years 
due to the special climatic conditions of the 
years 2015-2016 and due to the density of 
the populations of phytophagous insects and 
entomofagous arthropods, influenced by the 
applied phytosanitary system.
Climate conditions in 2015-2016 indicate an 
increase in monthly average temperatures across 
all months and the sums of monthly precipitations 
characteristic of very rainy or over-rainy years 
compared to the multiannual monthly averages of 
the area (Fig. 1).The characterization of the annual 
climate shows 2015 year as being warm and 
very wet (with an annual average temperatures 
of 10.7oC and an annual precipitations sum of 
641.2 mm), and, shows 2016 year as being warm 
and excessively rainy (with an annual average 
temperatures of 10oC and an annual precipitations 
sum of 816.9 mm), compared with the multiannual 
(normal) mean values, averaged by 9.0oC per year 
and the average annual rainfall sum of 520.6 mm. 
In terms of temperature, deviations from the 
multiannual average were reported in June and 
July from both experimental years (+ 2.6 ° C in 
July 2015, + 2.5 ° C in April 2016 and + 2 ° C in 
June 2016). This climatic factor is very favorable 
for the development of certain wheat pests, 
especially thrips, aphids, leafhoppers, sun bugs. 
The high temperatures in June and July, compared 
to the normal values, also induced an accelerated 
maturation of the grains. In terms of monthly 
precipitation levels, significant deviations were 
reported in June 2015 (+32.3 mm) and March-
July 2016 (+39.8 mm in June and +52 mm in 
July respectively). Correlated with the evolution 
of temperatures, these abundant precipitations 
have favored the phenological development of 
plants, the development of the phytophagous 
and entomofagous populations in wheat crops 
(especially aphids colonies, thrips and their 
predators).
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Starting in 2015, as in 2016, there was a 
strong impact of global warming on the wheat pest 
structure in the Transylvanian Center at ARDS 
Turda. Compared to previous years, the abundance 
of wheat pests is increasing in 2015 and 2016 for 
cereal flies, wheat aphids and leafhoppers, wheat 
thrips, cereal leaf beetles and cereal fleas as well 
as cereal sunbugs, which justifies a detailed study 
of pest dynamics and their integrated control.
Fig. 2 graphically presents the percentage 
structure of phytophagous entomofauna in wheat 
cultures at SCDA Turda during the two years of 
pest monitoring. Regarding the structure (%) of 
wheat pests, the investigations revealed a smaller 
share to thrips (7-17%), a higher share of Diptera 
(24-27%), aphids (52-20%) and leafhoppers 
(10-18%), as well as sunbugs (2-4%), Oulema 
(1-3%), Chaetocnema (1-2%), Phyllotreta (1-
8%), during 2015-2016 (Fig. 2), compared to the 
previous study of ARDS Turda. For comparison, it 
is important to note that in the average structure 
of the wheat harmful entomofauna, during the 
last 10 years (2006-2015), it was highlighted: the 
eudominance of wheat thrips (58%), the aphids 
dominance (14%) and Diptera dominance (12%), 
the important presences of leafhoppers (3%), of 
cereal sunbugs (2%), of cereal leaf beetles (2%) 
and cereal fleas Chaetocnema (5%) and Phylotreta 
(3%) and other pests (1%), (Malschi et al., 2016, 
2017).
It can be seen (Fig. 2) that the percentage of 
participation in the phytophagous entomofauna 
differs from one species to another and from 
one year to another, which demonstrates the 
complexity of the influence of various biotic and 
abiotic factors on the dynamics of the numerical 
density of the pest species. In both experimental 
years the dominant species were aphids, which in 
the year 2015 participated in a proportion of 52% in 
the structure of the phytophage entomofauna, and 
in 2016 their weight decreased, so they accounted 
for only 20% of the harmful entomofauna. From 
the data presented there is an increase of the 
leafhoppers and thrips populations. Thus, in 2015 
the leafhoppers participated with 10% in the pest 
structure, and in 2016 this parameter reached 
18%. A significant increase has also been reported in Haplothrips tritici, from 7% in 2015 year to 17% 
in 2016 year. Grain flies have a share of 24% in 
2015 year and 27%, respectively in 2016. 
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Figure 1.  Average of monthly temperatures (oC) and sum of monthly precipitations (mm).Source of data: meteorological stationTurda (longitude: 23o 47’; latitude 46o35’; altitude 427m)
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The percentage share of pests in the order of 
Coleoptera (Chrysomelidae) shows an increase 
from 3% in 2015 to 13% in 2016. With regard to 
the other pest species, the percentage of cereal sun 
bugs was increased from 2% in 2015 to 4% in 2016, 
these thermophilous species being favored by 
increase in average annual temperature. Referring 
to the previous studies carried out at ARDS-Turda, 
there was an increase in populations of cereal flies 
(especially Chloropidae and Anthomyiidae), aphids, cereal scabs and Chrysomelidae species, and a 
decrease in thrips populations (Malschi 2009, 
2014, Malschi et al., 2015, 2016).Considering the above situation, the integrated pest management 
system should be adapted to climate change and environmental factors so that insecticide 
treatments (neonicotinoids and pyrethroids) can 
be applied at two treatment times (T1 - in the 
end of tillering or at herbicide application, and 
T2 – at bellows phenophase to ear appearance). 
This strategy has produced the best results for 
the production of pyrethroid insecticide-treated 
variants with immediate biological efficiency 
for pests and an important protective action for 
entomophagous. The production of the two years 
of experimentation reached values  higher than those recorded in the Andrada variety in the years 
before the study (4.78 t/ha) (Moldovan et al., 
2012). Fig. 3 shows the average production and 
average values  of TGW in the period 2015-2016 for 
each experimental variation. But it has been found 
that pest control strategies, in addition to having a 
major impact on production parameters, also have 
implications for wheat quality indicators. Also, 
the annual climatic characteristics and applied 
chemical treatments have a major influence on the 
production and quality of wheat.
In the experimental lots, in 2015 year, the 
wheat production was between 6.56-8.33 t/ha 
and in 2016 year it oscillated between 6,61-7,95 
t/ha (Tab. 1 and 2). As a result of the abundance 
of pests in wheat crops, the different insecticide 
application variants reveal that: one treatment was 
insufficient (the average in this variant was 6.75 t/
ha), and the application of two treatments brings 
important increases in production. The highest 
productions were made in V3, a variant with two 
pyrethroid treatments (with an average of 8.14 t/
ha on average over two years, being 20.6% higher 
compared to the variant with single treatment); 
followed by V4 with an average production of 
7.47 t/ha on average over two years (Fig. 3). The 
influence of insecticide treatments on TGW, on 
average over 2 years, was reflected in the increase 
of TGW values  from 50.36g to 52g in the treated 
variants compared to the untreated insecticide 
control where average values  of 49.78g were 
noted. The best results were achieved in V4 where 
two treatments were applied, with a neonicotinoid 
and a pyretoid (Fig. 3).      
 The following table shows the effect of the 
experimental factors (year and treatment variant) 
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Figure 2. Structure (%) of wheat pests in the untreated lots 
of experimental field at ARDS Turda, in 2015- 2016
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by analyzing the variance on production and 
TGW. In the two years, similar in terms of climatic 
conditions and characterized as exceptional, warm 
and very rainy years, there are no significant 
differences in the production of grains. However, 
the effect of the years was strong on TGW 
formation, the F test being significant (Tab. 1). The 
insecticide treatment factor produced a significant 
variation in production, with two treatments, both 
V3 variant with pyrethroids and V4 variant with 
two different insecticides (with neonicotinoid 
and pyrethroid active substances) recording very 
positive production by comparison of untreated 
control variant (Tab. 2). The Interaction treatments 
x years has a statistically significant effect on 
production, the F test being very significant 
(Table 1). In 2015 year, grain production was very 
significantly positive in V3, and, in 2016 year, after 
the insecticide treatments applied in V3 and V4 
variants resulted a very significant production 
increases. It is noted that the V3 treatment variant 
recorded very positive production increases in 
both 2015 and 2016 years. Variant V4 recorded 
positive production differences only in 2016, the 
difference being statistically, very significantly 
positive.
Fig. 4 presents the percentage contribution of 
experimental technological factors in production formation (The Factors contribution (%) = SSD 
factor/SSD total) x 100); (after Kadar, 2002, Kadar 
et al., 2002, Russu, 2015, Timariu, 1975). The most 
important contribution is insecticide treatments, 
which account for 81% of the production. A 
participation of 8.1% had the interaction of 
treatments and 10% had other interactions - 
fungicides, herbicides, foliar fertilizers - (Fig. 4).
TGW is one of the most stable characters of the 
variety. In the case of TGW, the year factor contributed 
0
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Figure 3. Influence of insecticide treatments (T 1, T 2) on the Grain yield (t/ha) and TGW (g) 
(thousand grain weight) during 2015 to 2016, (T1 - at the time of herbicides application and T2 - at the flag leaf-ear emergence)
DĂRAB et al
77
Bulletin UASVM Agriculture 73 (1) / 2016
Table 1. Effect of insecticide treatments applied in integrated technological system for wheat grain yield 
production and TGW, in the years 2015-2016, at ARDS Turda
Table of variance analysis for polyfactorial experience on grain yield productionVariance source Sum of deviations(SSD) Degrees of freedom    Average quadrate deviations     F test / F p5%; p1%
1. Years                       0.08178                         1 0.08178               9.460 / 18.51; 98.50      
2. Treatments 7.36463       3 2.45488             58.814** / 3.49; 5.95Interaction 1 x 2     0.76003                         3 0.25334               6.070** / 3.03; 4.76R 0.34490      2 0.172451R 0.01729      2 0.008652R 0.26773     6 0.044621x2R 0.23314     6 0.03886Erorr 1 0.01729    2 0.00865Erorr 2 0.50087    12 0.04174T o t a l                      9.06951 23
Table of variance analysis for polyfactorial experience on TGWVariance source Sum of deviations(SSD) Degrees of freedom    Average quadrate deviations     F test / F p5%; p1%
1. Years                       8.00414    1 8.00414               32.775** /18.51; 98.50   
2. Treatments 15.92974  3 5.30992                 2.553     / 3.49; 5.95Interaction 1 x 2     10.91909 3 3.63970                 1.750     / 3.03; 4.76R 0.70125                2 0.350621R 0.48843                2 0.244212R 12.18950          6 2.031581x2R 12.77164                6 2.12861Erorr 1 0.48843                2 0.24421Erorr 2 24.96114              12 2.08010T o t a l                      61.00379             23
0.90%
81%
8.10%
10%
Years (2015-2016)
Insecticidal treatments
Interrelation years/treatments
Other interactions and factors
Figure 4. Contribution (%) of technological factors on the formation 
of wheat yield production (ARDS Turda, 2015-2016)
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Table 2.  Effect of the Years 2015 and 2016 conditions, Insecticide treatments and Interaction of Treatments x Years on the wheat grains yield and TGW, depending on the insecticide treatment 
moments, at ARDS Turda
Variants Grain 
yield (t/ha) % Dif. Sem. TGW(g) % Dif. Sem.
Year conditions Years average (Control) 7.31 100.0 0.00 - 50.74 100.0 0.00 -
2015 7.36 100.8 0.06 - 50.16 98.9 -0.58 -
2016 7.25 99.2 -0.06 - 51.31 101.1 0.58 -
LDS (p 5%)                                                  0.16 0.87
LDS (p 1%)                                                   0.38 2.00
LDS (p 0.1%)                                                 1.20 6.38F test (Ft 
p 5%
=18.51; Ft 
p 1%
=98.50) F=9.46 F=32.77*
Insecticidal treatments Grain yield (t/ha) % Dif. Sem. TGW (g) % Dif. Sem.
V 1. Untreated (Control) 6.86 100.0 0.00 - 49.78 100.0 0.00 -
V 2. Treated with pyrethroids at T1 6.75 98.3 - 0.11 - 50.36 101.2 0.58 -
V 3. Treated with pyrethroids (T1+T2) 8.14 118.6 1.28 *** 50.81 102.1 1.03 -
V 4. Treated at T1 with neonicotinoid  + at T 2  with 
pyrethroids 
7.47 108.8 0.60 *** 52.00 104.5 2.22 *
LDS (p 5%)                                                  0.26 1.82
LDS (p 1%)                                                   0.36 2.55
LDS (p 0.1%)                                                 0.60 3.60F test (Ft
p 5%
=3.49;Ft
p 1%
=5.95) F=58.8** F=2.55
Interaction Treatments x Years Grain yield (t/ha) % Dif. Sem. TGW(g) % Dif. Sem.   2015 
V 1. Untreated (Control) 7.12 100.0 0.00 Mt. 48.23 100.0 0.00 Mt.
V 2. Treated with pyrethroids at T1 6.56 92.0 -0.57 oo 50.40 104.5 2,17 -
V 3. Treated with pyrethroids (T1+T2) 8.33 116.9 1.21 *** 49.93 103.5 1.70 -
V 4. Treated at T1 with neonicotinoid  + at T 2  with 
pyrethroids 
7.45 104.5 0.32 - 52.07 107.9 3.83 **
  2016 
V 1.   Untreated (Control) 6.61 100.0 0.00 Mt. 51.32 100.0 0.00 Mt. 
V 2.   Treated with pyrethroids at T1 6.94 105.1 0.34 - 50.32 98.1 -1.00 - 
V 3.   Treated with pyrethroids (at T1 + T2; 7.95 120.4 1.35 *** 51.68 100.7 0.36 - 
V 4.   Treated at T1 with neonicotinoid + at T 2  with 
pyrethroids 
7.49 113.3 0.88 *** 51.93 101.2 0.61 - 
LDS (p 5%)                                                  0.36 2.57
LDS (p 1%)                                                   0.51 3.60
LDS (p 0.1%)                                                 0.72 5.09F test (Ft
p 5%
=3.03 Ft
p 1%
=4.76) F=6.07** F=1.750
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with 13.1%, the insecticide treatments participated 
by 26.1%, the interaction years x treatments 
represented 17.9%, but the biggest participation had 
other interactions, this being at 42.9 % Of this group 
are very important foliar fertilization, application of 
fungicides, herbicides (Fig. 5).
It is important to note that the years 2015-
2016, both being very different from normal, with 
unfavorable thermal and pluviometric conditions, 
the gluten and protein content had lower values 
than in the previous years (Tab. 3). 
13.10%
26.10%
17.90%
42.90% Years
Insecticidal treatments
Interactions of Years x Treatments
Other interactions and factors
Figure 5. Contribution (%) of technological factors on the 
formation of wheat TGW (g) (ARDS Turda, 2015-2016)
Table 3. Effect of insecticide treatments applied in integrated technological system for the gluten and 
proteins content of wheat grain, in the years 2015-2016, at ARDS Turda
 Table of variance analysis for polifactorial experience on gluten content of wheat grainVariance source Sum of deviations Degrees of freedom    Average quadrate deviations     F test / F p5%; p1%
1. Years                       39.27042          1 39.27042               624.166**/18.51; 98.50      
2. Treatments 3.28125     3 1.09375                    5.719*  / 3.49; 5.95Interaction 1 x 2          5.14125          3 1.71375                    8.961**/ 3.03; 4.76R 0.03250   2 0.016251R 0.12583   2 0.062922R 0.49750  6 0.082921x2R 0.41583 6 0.06931Erorr 1 0.06083  2 0.03042Erorr 2 2.29500  12 0.19125T o t a l                      50.14624  23
Table of variance analysis for polifactorial experience on proteins content of wheat grainVariance source Sum of deviations Degrees of freedom    Average quadrate deviations     F test / F p5%; p1%
1. Years                       8.16667      1 8.16667                268.492**/ 18.51; 98.50      
2. Treatments 0.67667     3 0.22556                    5.290*  / 3.49; 5.95Interaction 1 x 2          0.97667      3 0.32556                     7.635**/ 3.03; 4.76R 0.04750     2 0.023751R 0.06083     2 0.030422R 0.09583  6 0.015971x2R 0.41583    6 0.06931Erorr 1 0.06083   2 0.03042Erorr 2 0.51167    12 0.04264T o t a l                      10.44000    23
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In 2015 wet gluten had values between 18.07-
20.23% and in 2016 between 16.17-16.67% 
compared to the values recorded in the other 
years: 25.5-30.7% (Nagy et al., 2009); 15.4 - 38.2% 
(Szekely et al., 2010). 19.4-21.5% (Malschi et al., 
2013), 35-40% gluten (Suciu et al., 2013, 2014, 
2015). In terms of total protein content, in 2015 
it was between 9.53-10.47% and between 8.57-
8.90%, in 2016, compared to the values recorded 
in the other years: 9.3-11,7% (Nagy et al., 2009); (Malschi et al., 2013), 9.5-13.5% (Racz et al., 2013), 
12% (Suciu et al., 2013, 2014, 2015) (Tab. 3). 
In 2015 year, the highest protein and gluten 
content was recorded in the control variant. By 
applying chemical treatments, in all variants 
there was a decrease of these qualitative indices, 
Table 4. Effect of the Years 2015 and 2016 conditions, Insecticide treatments and Interaction of Treatments x Years on gluten and protein contend depending on the insecticide treatment moments, at ARDS Turda
Years variants Gluten % % Dif. Sem. Protein % % Dif. Sem. Year average (Control) 17.61 100.0 0.00 Mt. 9.30 100.0 0.00 Mt.
2015 18.89 107.3 1.28 ** 9.88 106.3 0.58 *
2016 16.33 92.7 -1.28 00 8.72 93.7 -0.58 0
DL (p 5%)                                                  0.44 0.31
DL (p 1%)                                                   1.02 0.71
DL (p 0.1%)                                                 3.24 2.25F test (Ft 
p5%
 = 18.51; Ft 
p1% 
=98.50) 624.16** F=268.5**
Insecticidal treatments Gluten % % Dif. Sem. Protein % % Dif. Sem.
V 1. Untreated (Control) 18.20 100.0 0.00 Mt. 9.57 100.0 0.00 Mt.
V 2. Treated with pyrethroids at T1 17.48 96.1 -0.72 0 9.18 96.0 -0.38 00
V 3. Treated with pyrethroids (T1 + T2; 17.58 96.6 -0.62 0 9.32 97.4 -0.25 -
V 4. Ttreated at T1 with neonicotinoid + 
at T 2  with pyrethroids 
17.18 94.4 -1.02 00 9.13 95.5 -0.43 00
DL (p 5%)                                                  0.55 0.26
DL (p 1%)                                                   0.77 0.36
DL (p 0.1%)                                                 1.09 0.52F test (Ft 
p 5%
 = 3.49 / Ft 
p 1%
 = 5.95) F=5.719* F=5.290*
The interaction Treatments x years Gluten% % Dif. Sem. Protein % % Dif. Sem.
   2015 
V 1.   Untreated (Control) 20.23 100.0 0.00 Mt. 10.47 100.0 0.00 Mt.
V 2.   Treated with pyrethroids at T1 18.77 92.8 -1.47 00 9.80 93.6 -0.67 00
V 3.   Treated with pyrethroids (T1+ T2; 18.50 91.4 -1.73 000 9.73 93.0 -0.73 000
V 4.   Treated at T1 with neonicotinoid + 
at T 2  with pyrethroids 
18.07 89.3 -2.17 000 9.53 91.1 -0.93 000
  2016 
V 1.   Untreated (Control) 16.17 100.0 0.00 Mt. 8.67 100.0 0.00 Mt.
V 2.   Treated with pyrethroids at T1 16.20 100.2 0.03 - 8.57 98.8 -0.10 -
V 3.   Treated with pyrethroids (T1+ T2; 16.67 103.1 0.50 - 8.90 102.7 0.23 -
V 4.   Treated at T1 with neonicotinoid 
           + at T 2  with pyrethroids 
16.30 100.8 0.13 - 8.73 100.8 0.07 - 
LDS (p 5%)                                                  0.78 0.37
LDS (p 1%)                                                   1.09 0.52
LDS (p 0.1%)                                                 1.54 0.73F test  (Ft 
p 5%
 = 3.03 /  Ft 
p 1% 
= 4.76) 8.961** 7.635**
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the decrease being statistically assured. In V2 the 
difference was significantly negative, and in V3 
and V4 it was very significantly negative, both in 
terms of wet gluten content and protein content. 
Between production and protein content 
there is an inversely proportional relationship, 
with increasing production there is a decrease in 
protein content (Tab. 4). 
On the other hand, between the protein 
content and the wet gluten content is a directly 
proportional relationship, since most of the wheat 
proteins are gliadins and glutenins, which are 
fractional components of gluten. So, by increasing 
protein, gluten content also increases. In V3 and 
V4 treatment variants, gluten and protein have the 
lowest values, but V3 and V4 were variants with 
the highest yields per hectare (Tab. 4).
In 2016 year, the lowest gluten content was 
recorded in the untreated control variant, and in 
the insecticide application variants there was an 
insignificant increase in the wet gluten content. 
As for protein content, differences between 
experimental variants were found in 2016, but 
these are not statistically assured. The results demonstrate that the qualitative indicators of 
wheat are strongly influenced by the climatic 
characteristics of each year (Tab. 4). It is noted that 
in the two years due to the exceptional climatic 
conditions, the gluten content and the protein 
content have lower values  than the average of 
the previous years, the physiological processes of 
assimilation being disadvantaged.
After analyzing the variation in the 
polyfactorial experience on wet gluten content 
and total protein content, it was found that the 
year factor determined significant statistically 
variations in gluten and protein content, the F 
test being distinctly significant with regard to wet 
gluten and significant in terms of protein content 
(Tab. 4).
Analyzing the average of the two years, it is found that the insecticide-treated variants 
recorded reductions in the wet gluten and 
protein content compared to the control. The 
largest reductions occurred in variants where 
neonicotinoids were applied (V4), the difference 
being distinctly significant in both indices. This 
decrease may be due to the eco-physiological 
impact of insecticides, although according to the 
literature it is correlated with the production 
increases (Marinciu and Săulescu, 2008 Tayyar, 
2010).
Fig. 6 and 7 show the percentage contribution 
of experimental technological factors to moisture 
and protein content. The most important 
contribution is the climatic feature of the year, 
contributing over 78% to both qualitative indices. It is found that the insecticide treatments has 
contributed with about 6.5% in the formation of 
gluten and protein in wheat grains, and the years x 
treatment interact with 10.25% for gluten content 
and 9.36% for protein content. Other interactions 
(elements of phytosanitary technology) have 
a 4.9% share for gluten and 5.94% for protein 
content. 
Zeleny sedimentation index took values 
between 19.3-26.87 ml in 2015 and between 
14.73-16.2 ml in 2016 (Tab. 5). These are lower 
than the 45 ml average, ranging from 27-66 ml, of 
previous years of the study (Moldovan et al., 2012). 
78.31%
6.54%
10.25% 4.90% Years
Insecticidal tratments
Interaction Years x Tratments
Other interactions and factors
Figure 6.  Contribution (%) of  technological factors on the formation 
of Gluten in wheat grains (%) (ARDS Turda, 2015-2016)
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Regarding the year x treatments interaction, the 
strongest effects on Zeleny sedimentation index in 
2015 were observed, when the Zeleny index had 
the highest value in the untreated control variant, 
while in the insecticide application variants there 
was a statistically assured decrease of the Zeleny 
index. The value of the Zeleny index is distinctly 
negative in V2 and V3, and in V4 is very significantly 
negative (Tab. 5). 
In 2016 a percentage increase of the sedimen-
ta tion index was reported in the variants with the 
application of two treatments, in the variants treated 
with insecticides, especially in the variant treated 
with pyrethroids (a 10% increase) and less in the 
variant treated with neonicotinoids (an increase by 
3.6%), but growth is not statically secured (Tab. 6). 
Regarding the contribution of the experimental 
factors on the formation of Zeleny sedimentation 
index (which expresses the quality of the wheat 
proteins), the statistically insignificant influence 
of the year factor is constant (Tab. 6). Also, at 
the average of the two experimental years it can be noticed that the insecticide treatment factor 
intervenes in the evolution of this qualitative index, 
reducing its value, with statistically provided 
diminution. In V2 and V3, the difference from the 
untreated control is significantly negative, and in 
V4, the variant treated with neonicotinoids is also 
significantly negative.
Concerning the contribution of the experimen-
tal factors studied in the formation of Zeleny index 
value, the years had a participation percentage of 
78.22%
6.48%
9.36% 5.94%
Years
Insecticidal treatments
Interaction of Years x Tratments
Other interactions and factors
Figure 7. Contribution (%) of  technological factors on the formation 
of Protein in wheat grains (%) (ARDS Turda, 2015-2016)
Table 5. Effect of insecticide treatments applied in integrated technological system on the sedimentation 
index Zeleny of wheat grain, in the years 2015-2016, at ARDS Turda 
Table of variance analysis for polifactorial experience on the sedimentation index Zeleny of wheat grainVariance source Sum of deviations Degrees of freedom    Average quadrate deviations     F test / F p5%; p1%
1. Years                       299.62660        1              299.62660              243.269**/ 18.51; 98.50      
2. Treatments 39.05665            3 13.01888                  4.388*  / 3.49; 5.95Interaction 1 x 2          60.09665            3 20.03222                  6.751**/ 3.03; 4.7 6R 0.02333           2 0.01167  1R 2.46334  2 1.231672R 4.14334 6 0.690561x2R 31.46333   6 5.24389Erorr 1 2.46334  2 1.23167Erorr 2 35.60666 12 2.96722T o t a l                      436.87330       23
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68.58%, the insecticide treatments participated in 
a rate of 8.94%, the interaction years x treatments 
contributed by 13.76%, the impact of other 
interactions was 8.72% (Fig. 8).
Comparing the results obtained with the 
analysis of Zeleny index value and the results 
regarding the protein content and the wet gluten, it is found the same trends and the fact that the 
qualitative indicators of the wheat grains are most 
strongly influenced by the climatic conditions of 
the agricultural year.
Table 6.  Effect of the Years 2015 and 2016 conditions, of the Insecticide treatments and of the Interaction of Treatments and Years on the sedimentation Zeleny index of wheat grains, depending on 
the insecticide treatment moments, at ARDS Turda
Variants  Zeleny  Index (ml) % Dif. Semn. Year average (Control) 18.77 100.0 0.00 Mt.
2015 22.30 118.8 3.53 *
2016 15.23 81.2 -3.53 0
LDS (p 5%)                                                  1.95
LDS (p 1%)                                                   4.50
LDS (p 0.1%)                                                 14.32
F test (Ft = 18.51 p 5% // 98.50 p 1%) 243.27**Insecticidal treatments 
V 1.   Untreated (Control) 20.80 100.0 0.00 Mt.
V 2.   Treated with pyrethroids at T1 18.38 88.4 -2.42 0
V 3.   Treated with pyrethroids ( T1 + T2) 18.60 89.4 -2.20 0
V 4.   Treated at T1 with neonicotinoid + at T 2 with 
pyrethroids 
17.28 83.1 -3.52 00
LDS (p 5%)                                                  2.17
LDS (p 1%)                                                   3.04
LDS (p 0.1%)                                                 4.30F test (Ft
 p 5%
 = 3.49; Ft
p 1%
 = 5.95) F= 4.388*
The interaction Treatments x years
   2015 
V 1.   Untreated (Control) 26.87 100.0 0.00 Mt.
V 2.   Treated with pyrethroids at T1 22.03 82.0 -4.83 00
V 3.   Treated with pyrethroids (at T1 + T2; 21.00 78.2 -5.87 00
V 4.   Treated at T1 with neonicotinoid+at T 2 with 
pyrethroids 
19.30 71.8 -7.57 000
  2016 
V 1.   Untreated (Control) 14.73 100.0 0.00 Mt.
V 2.   Treated with pyrethroids at T1 14.73 100.0 0.00 -
V 3.   Treated with pyrethroids at  T1 + T2; 16.20 110.0 1.47 -
V 4.   Treated at T1-neonicotinoid + at T 2 - pyrethroids 15.27 103.6 0.53 -
LDS (p 5%)                                                  3.07
LDS (p 1%)                                                   4.30
LDS (p 0.1%)                                                 6.08F test (Ft
 p 5%
 = 3.03 ; Ft
p 1%
 = 4.76) F= 6.751**
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CONCLUSION
Since 2015, a stronger impact of global 
warming on the wheat pests structure (%) are 
found. During 2015 and 2016, the importance of 
wheat pests is increasing for wheat flies, aphids 
and leafhoppers, thrips, leaf beetle and wheat 
fleas, as well as the importance of cereal sunbugs, 
which requires professional study on the pest 
dynamics and adequate integrated control of 
wheat pests. In the years 2015 and 2016, in the 
dynamics of the wheat pests (aphids, flies, thripss, 
etc.) a number of active factors of great complexity 
were noted which determined the abundance of 
the populations of harmful species. 1 - The climatic 
factor, especially low early spring temperatures 
and abundant rainfall in May and June, favored 
phenological plant delays, which allowed the 
development of aphids colonies and other pests 
on wheat leaves and ears, as well as the attraction 
and the development of entomophagous. 2 - The 
applied insecticide factor had as a secondary 
effect on the diminution of the entomophagous 
populations, followed by the undisturbed and 
abundant development of the pests in the treated 
lots, in relation to the climatic and vegetation 
conditions of the wheat.
 The integrated pest control system, adequated at the climate changes and at the eco-technological 
facthors, need to contain the application of 
insecticides treatments, in two moments of treating (T1 - at herbicides time and T2 - at 
bellow phenophase to ear appearance). Have been 
achieved the best results for production on the 
variants lots treated with pyrethroids, which have 
an immediate biological efficiency for pests and 
are protective for entomophagus.
The specific annual climate characteristics 
have a major influence on the production and 
quality of wheat. Also, pest control strategies have 
a major impact on the production parameters 
and qualitative indicators of wheat. The results on the quantified production parameters showed 
oscillations over previous multiannual values, 
due to the special climatic conditions of 2015 and 
2016, due to the density of entomophagous and 
phytophagous insects populations, influenced by 
the applied treatment system. In 2015, the grains 
yield production was between 7.12-8.3 t/ha, and 
in 2016 it oscillated between 6.61-7.95 t/ha. TGW 
had values between 48,23-52,07 grams (in 2015) 
and between 50,32-51,93 grams (in 2016). The 
total protein content was between 9,53-10,47% 
(in 2015) and 8,57-8,73% (in 2016). The wet 
gluten content had values between 18.07-20.23% 
(in 2015) and 16.17-16.67% (in 2016). Zeleny 
sedimentation indeces were between 19.3-26.87 
ml (in 2015) and 14.73-16.20 ml (in 2016). It is 
noted that in the years 2015-2016, exceptional 
years compared to normal, with unfavorable 
thermal and pluviometric conditions, with much 
higher values than the multiannual average, the 
gluten and protein content, zeleny index have 
lower values than in the previous years, at ARDS 
Turda.
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Figure 8. Contribution (%) of technological factors on the formation of Zeleny 
sedimentation index in wheat grains (ARDS Turda 2015-2016)
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